INTRODUCTION

General
Self compacting concrete (SCC) is a material which 'poured' into the formwork compacts 'without any further compaction' and exhibits excellent flow behaviour. De Schutter published a comprehensive overview on the state of the art of self compacting concrete [3] . Self-compacting concrete has been termed by some as "technology of the decade" and has the potential to replace conventional concrete for the majority of applications in the developed countries in near future. Many such concrete systems utilize high amounts of powder to optimize their rheological behavior. Secondary cementitious materials (SCMs) and chemical admixtures are therefore the salient constituents of such systems. Secondary cementitious materials are used to modify the water demand of the system, to control early heat evolution and to optimize the flow and place ability in addition to improving the strength and microstructure of cement based systems. The role of secondary cementitious materials in self-compacting cementitious systems has been described in literature [1, 2] .
Technological Properties
For SCC there is no standard yet, but on national levels recommendations exist what its specifications are concerned. The German committee for reinforced concrete DAfStB defines the workability of SCC by a so-called workability window or workability box [4] as shown in Figure 1 where the V-funnel time is depicted as a function of the flow value.
The "European Guidelines for Self Compacting Concrete" drawn by several concrete organisations and coordinated by EFNARC from 2005 extend the specifications as proposed by [4] in a way that slump flow values between 550 and 850 mm divided in three classes SF1, SF2 and SF3 are admitted. Viscosity is also divided into two classes. This approach results in the diagram depicted in Figure 2 based on a publication by Walraven [10] . The different slow value classes combined with the viscosity classes allow for specifications targeting different applications. Additionally the characterization of workability properties can be done by several methods described in the guideline.
Wallevik [5] describes rheological properties through rheographs depicting acceptance areas for workability specifications. The specifications are based on rheological properties such as plastic viscosity and yield stress which can be determined in concrete Self compacting concrete (SCC) is a material which 'poured' into the formwork compacts 'without any further compaction' and exhibits excellent flow behavior. De Schutter published a comprehensive overview on the state of the art of self compacting concrete where he presents the development from an early patent in Germany to the development of an industrially usable product in Japan. Meanwhile in the US the technology is referred to as "the New Normal" -meaning that SCC is going to be used as the normal way to produce concrete either in pre-fabrication or on site.
Part of this "New Normal" is a classification of SCC -which by the way might differ in different parts of the world-according to composition and properties of the fresh and hardened concrete. Amongst this classification in many countries a trend to "green" or sustainable SCC is observed and described. It consists of the challenge to maintain the excellent properties of the fresh and hardened concrete whilst optimizing the use of raw materials in such ways that SCC production and use is associated with less energy and emissions rheometers and usually are fitted to a Bingham behaviour. In Figure 3 an example is given for different conventional vibratable concretes (CVC), special concretes such as high strength concrete and also different SCCs. Wallevik used the approach of rheographs originally to investigate the correlation of composition of concrete with its rheological properties as shown in Figure 4 where the influence of different components -desired or not -is shown on viscosity and yield stress.
Green SCC 1.3.1 General
Besides these technological aspects in many countries a trend to "green" or sustainable SCC is observed during the last decade. It consists of the challenge to maintain the excellent properties of the fresh and hardened concrete whilst optimizing the use of raw materials in such ways that SCC production and use is associated with less energy and emissions The CO 2 footprint is minimized More secondary cementitious materials are used
SCC Production
De Schutter [7] reported about aspects of noise reduction and energy savings using SCC as compared to CVC (conventional vibratable concrete). Noise levels can be reduced from up to 100 dB (with horizontal casting and vibration) down to about 75 dB.
The energy where he considers mixing energy, transport energy and placing energy (vibration) is largely reduced as shown in Figure 5 due to the fact that vibration is no longer needed.
CO 2 Footprint
A carbon footprint can be defined as the sum of all greenhouse gas emissions CO 2 (carbon dioxide) caused by an organization, event, product or person in a given time frame. For concrete it is composed of the individual contributions of the raw materials and the emissions produced during the manufacturing process. Having Figure 4 in mind it can be assumed that the CO 2 footprint for SCC is lower than for normal concrete. Additionally and probably more importantly the CO 2 footprint can be reduced in using raw materials which do not undergo high temperature processes, which do not release CO 2 during manufacture or which come as waste materials from other industrial processes. Practically this means a switch in usage of cement from CEM I types to CEM II and CEM III types as presented for example in [8] . Secondly the use of fine powders necessary to achieve the workability of SCC concentrates on natural materials and/or secondary cementitious materials (SCM) as described in the following sub-chapter. Table I taken from a paper by Wallevik [11] shows the decrease in fines (cement plus fine powders) associated with a change in mix design for different SCC compositions. The "Rich SCC" represents the current formulation logic for SCC used in Germany. Lowering the fines leads over so-called Lean SCC and Green SCC to Eco-SCC which -with 315kg/m 3 of fines-corresponds to the actual composition of conventional concrete. Eco-SCC should be possible by using admixtures such as VMA as well as very special grading of sands and aggregates.
From Normal SCC to Eco-SCC
The rheological properties in terms of plastic viscosity and yield value derived from Bingham behaviour are depicted in Figure 6 . According to the wider European definition by EFNARC it qualifies as SCC, exhibits, however, a slightly more viscous behaviour than SCCs as specified by the DAfStB [4].
Secondary Cementitious Materials (SCM)
Also, for SCC normally considerable amounts of pozzolanic and inert minerals are used as fine powders to achieve the desired, excellent rheological properties. These "so-called" secondary cementitious materials (SCM's) and chemical admixtures are therefore the salient constituents of such systems. SCMs are used to modify the water demand of the system, to control early heat evolution, to reduce early shrinkage and to optimize the flow and place-ability in addition to improving the strength and microstructure of cement based systems. The CEM II [8] approach is complimented and transferred to concrete mix design. Examples of research concerning the behaviour of fine powders in SCC are given in [1, 9] .
Aspect of Durability
Considering parameters required by EN 206 to achieve specific exposition classes SCC should perform well what cement content, strength and water-cement-ratio are concerned. Together with the probability of fewer flaws introduced during the placing process SCC will represent a concrete with dense microstructure and very good strength thus yielding good sustainability. In the sense that sustainable construction materials minimize the ecological impact on our environment, SCC can be considered a "Green Concrete" by itself.
The point to be investigated further is the behavior of concrete with large amounts of SCM or new SCM. For the CEM X studies in Europe this aspect is already under investigation.
OWN STUDIES
Experimental Approach
For our investigations experiments have been carried out on self compacting mortar (SCM) or paste systems representing the matrix of a self compacting concrete (SCC). The mix design of the mortars used is given in table II.
The mixing technique used for self-compacting mortar systems consisted of mixing the ingredients dry in a 10 L high shear tilted mixer for 30 seconds at slow speed (900 rpm) followed by addition of 80% of mixing water and 30 seconds of slow mixing. It was followed by fast mixing (1800) for one minute. Thereafter remaining 20% mixing water containing liquid type super-plasticizer was added. The ingredients were then mixed at fast speed for three more minutes and the total mixing time was 5 minutes. Target flow was 31 ± 2 cm; the water-cement-ratio was 0.40. The flow level was achieved by using Melflux -a polycarboxylate ester type super-plasticizer (SP) Melflux.
Selected Results
Powder characteristics are given in table III and the morphology of the powders can be seen in table IV. Silica fumes (SF), fly ash (FA) and rice husk ash (RHA) are alumo-silicates originating as by-products from industrial high temperature processes. Their chemical and mineralogical composition together with more or less pronounced surface areas lead to good reactivity when added to a cementitous system -they are considered as pozzolanic.
Lime stone powder is a natural product which can be considered as inert, but due to the absence of high temperature processing only grinding energy is needed and no CO 2 is released. The CO 2 footprint is therefore very low.
The porous nature and magnitude of specific surface area, respectively, as well as the behavior towards water is depicted in the water vapor isotherms shown in Figure 7 .
Strength results for the investigated mortars are given in tables V and VI for mortars with CEM I and CEM II, respectively. The inert powder lime stone is defined as the base material because no additional strength increase due to hydration reaction takes ´place. For the pozzolanic powders a significant strength increase is observed which tends to be high when powders with high surface areas such as RHA and SF are added to the mortar mix.
TRENDS
At least three trends what the development of SCC is concerned can be identified:
Optimization of the energy used in the manufacturing process with respect to mixing and transportation. This research topic will deal with the correlation of mixing and transport energy on workability and performance of self compacting concrete and lead to controlling concrete properties through controlled energy input. Minimization of the use of cement, fine powders while maintaining the excellent workability properties of SCC. The issue of durability will become a major subject in further research. Increase in the use of secondary cementitious materials in cement and concrete technology while maintaining good long term properties. This represents a real challenge since short term performance can be obtained when adding higher amounts of SCM or new types of SCM. The long term behavior, however, is still unknown and service life prediction seems still difficult or not really possible.
SUMMARY
Self Compacting Concrete (SCC) by itself is an environmentally friendly material because it represents a sustainable construction material using significant quantities of secondary cementitious materials which help to reduce the CO 2 footprint.
Durability and strength determined by the performance of the secondary cementitious materials in a cementitious matrix, however, will be one of the major issues to be investigated in the future.
